Abstract. Sasakian manifolds provide explicit formulae of some Jacobi operators which describe the biharmonic equation of curves in Riemannian manifolds. In this paper we characterize non-geodesic biharmonic curves in Sasakian manifolds which are either tangent or normal to the Reeb vector field. In the three-dimensional case, we prove that such curves are some helixes whose geodesic curvature and geodesic torsion satisfy a given relation.
Introduction
The notions of harmonic and biharmonic maps between Riemannian manifolds have been introduced by J. Eells and J.H. Sampson (see [8] ). For a map φ : (M, g) → (N, h) between Riemannian manifolds the energy functional E 1 is defined by
Critical points of E 1 are called harmonic maps and are then solutions of the corresponding Euler-Lagrange equation
Here ∇ φ denotes the induced connection on the pull-back bundle φ −1 (T N) and τ 1 (φ) is called the tension field of φ. Biharmonic maps are the critical points of the functional bienergy
whose Euler-Lagrange equation is given by the vanishing of the bitension field (cf. [12] ) defined by
where
is the Laplacian on the sections of φ −1 (T N), andNonminimal biharmonic submanifolds of the pseudo-euclidean space and of the spheres have been studied in [3] and [4] . Biharmonic curves have been investgated on many special Riemannian manifolds like Heisenberg groups [6] , [9] , invariant surfaces [11] , Damek-Ricci spaces [7] , Sasakian manifolds [10] , etc. As in the general theory of metric contact manifolds an important role is played by the Reeb vector field whose dynamics can be used to study the structure of the contact manifold or even the underlying manifold using techniques of Floer homology such as symplectic field theory and embedded contact homology. The main purpose of this work is to study non-geodesic biharmonic curves in a (2n + 1)-dimensional Sasakian manifold, which are either tangent or normal to the Reeb vector field.
Sasakian manifolds
A contact manifold is a (2n + 1)-dimensional manifold M equipped with a global 1-form η such that η ∧ (dη) n = 0 everywhere on M. It has an underlying almost contact structure (η, ϕ, ξ) where ξ is a global vector field (called the characteristic vector field) and ϕ a global tensor of type (1, 1) such that
A Riemannian metric g can be found such that
is integrable, (M, η, g) is said to be Sasakian. The following relations play an important role in the present work:
for any unit vector field X orthogonal to the Reeb vector field ξ, where R denotes the Riemannian curvature of (M, g).
Biharmonic curves in Sasakian manifolds
Let γ : I −→ (M 2n+1 , η, g) be a regular curve parametrized by its arc lenght in a (2n+1)-dimensional Sasakian manifold and {T, N 1 , ..., N 2n } be the Frenet frame in M 2n+1 , defined along γ, where T = γ ′ is the unit tangent vector field of γ. It holds: 
where The tension field τ 1 (γ) and the bitension field τ 2 (γ) of the curve γ are given in the Frenet frame (T, N 1 , ..., N 2n ) by:
and
From Proposition 3.3, we get:

Proposition 3.4. If γ is either tangent or normal to the Reeb vector field, then
Let γ be non-geodesic biharmonic curve in a Sasakian manifold (M, η, g). Assume that γ is tangent to the Reeb vector field ξ; that is T = ξ. The relation (10) in Proposition 3.3 becomes
It follows that
We assume now that γ is normal to the Reeb vector field; that is N 1 = ξ. The relation (10) in Proposition 3.3 becomes then
We obtain then again
Thus we get the relation (11) in both cases.
From Proposition 3.4, we get the following result. In three-dimensional Sasakian manifolds the Frenet frame is given by
where 
